Introduction
Tumour necrosis factor α (TNF-α) is a 17 kDa protein produced by both mammalian and avian macrophages when activated with lipopolysaccharides (LPS). This protein and its mRNA have also been localized in ovarian granulosa, theca and luteal cells of several mammalian species (Roby et al., 1990; Wuttke et al., 1993; Kondo et al., 1995; Terranova et al., 1995; Shaw and Britt, 1995) . Evidence indicates that although ovarian cells are a source of TNF-α in the ovary, local macrophages are the principal source (Bagavandoss et al., 1988; Adashi, 1990; Wang et al., 1992; Zhao et al., 1998) .
Several studies have shown that TNF-α has a role in mammalian ovarian follicular development, steroidogenesis, ovulation, luteolysis and atresia. In bovine, human and rat granulosa cells, TNF-α inhibits IGF-I-or gonadotrophinstimulated oestrogen production but either increases or inhibits progesterone production depending on the stage of development of the follicle (Roby and Terranova, 1988; Montgomery Rice et al., 1998 Spicer, 1998) . TNF-α also inhibits IGF-I-or LH-stimulated androgen production (Andreani et al., 1991; Zachow et al., 1993; Zachow and Terranova, 1994; Acosta et al., 1998) . TNF-α stimulates proliferation of human luteal cells, but induces apoptosis in granulosa cells of early antral follicles of rats (Wang et al., 1992; Yan et al., 1993; Kaipia et al., 1996) . Spaczynski et al. (1999) reported a stimulatory effect of TNF-α on basal and IGF-I-and FSH-stimulated proliferation of cultured theca interstitial cells of rats injected with oestradiol, whereas Andreani et al. (1991) and Zachow and Terranova (1993) found no effect on theca interstitial cells of hypophysectomized rats. These findings indicate that TNF-α exerts a wide variety of effects depending on the type of cell, stage of development and the physiological environment.
To date, the production of TNF-α and other cytokines in follicular cells of the avian ovary has not been investigated. Barua et al. (1998a,b) demonstrated the presence of macrophages within the theca but not within the granulosa layers of chicken ovarian follicles. The macrophage population in these follicles changes with maturation and the age of the bird, thus indicating a functional relevance of these macrophages in the chicken ovary. The macrophages may be a This study demonstrates the effects of recombinant human tumour necrosis factor α (rhTNF-α) and conditioned medium of the HD11-transformed chicken macrophage cell line on cultured chicken granulosa cells. Effects were studied on basal, IGF-I-and LH-stimulated progesterone production and cell proliferation. Recombinant human TNF-α stimulated basal progesterone production in a dose-dependent manner in the granulosa cells of the largest follicle but had no effect on cells from the third largest follicle. TNF-α stimulated and sometimes inhibited progesterone production stimulated by IGF-I and LH alone or in combination depending on the size of the follicle and the concentration of LH or IGF-I applied. However, the inhibitory effect of TNF-α was significantly more pronounced in cells from the third largest follicle when high concentrations of IGF-I, LH or a combination of both were applied. TNF-α had no effect on basal cell proliferation in both the largest and the third largest follicles, but regulated responses to IGF-I and a combination IGF-I and LH in the cells of the third largest follicle but not those of the largest follicle. The data indicate that the normal hierarchy of follicles is maintained in the chicken ovary through the regulation of the activity of IGF-I and its interaction with LH. Conditioned medium of LPS-activated HD11 macrophages mimicked the effects of TNF-α and its interaction with IGF-I and LH on progesterone production and cell proliferation. The observation that the HD11-conditioned medium contained TNF-α indicates that TNF-α produced by macrophages found in chicken follicles modulates granulosa cell growth and differentiation.
source of TNF-α and other cytokines that influence follicular functions. There are indications that TNF-α may influence chicken follicular growth and atresia. Recombinant human TNF-α (rhTNF-α) induces apoptosis in the granulosa cells of large white follicles and has a role in follicular atresia (Witty et al., 1996) . TNF-α increased intracellular calcium in granulosa cells of chickens without a concomitant increase in progesterone production (Soboloff et al., 1995 (Soboloff et al., , 1999 . Bryan et al. (1997) showed that 5 ng TNF-α ml -1 had an inhibitory effect on progesterone production by granulosa cells of two lines of chicken, whereas 250 ng ml -1 had either no effect or was stimulatory. These studies were conducted under acute conditions of 3 h incubations, which may have been responsible for the inconsistent results. There are no reports on the effect of TNF-α on chicken granulosa or theca cell proliferation, or its effects on gonadotrophin-or IGF-Istimulated progesterone production or cell proliferation in cultured cells. The aim of the current study was to investigate the response of cultured granulosa cells of the largest and third largest follicles to rhTNF-α treatment in the presence or absence of LH and IGF-I. Since chicken macrophages present in the follicles are a potential source of TNF-α for autocrine or paracrine regulation of granulosa and theca cell functions, granulosa cells were treated with conditioned media generated from macrophages activated with or without LPS. Progesterone production was quantified in culture medium and the effects on cell proliferation during culture were determined.
Materials and Methods

Preparation of conditioned medium from the HD11 chicken macrophage cell line
The avian leukaemia virus (strain MC29) transformed chicken macrophage cell line HD11 (Beug et al., 1979) was used for preparing conditioned medium. The HD11 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Sigma, Poole) supplemented with 5% heatinactivated chicken serum, 2 mmol glutamine l -1 , 1 mmol sodium pyruvate l -1 (Sigma, Poole) and 0.1% (v/v) gentamycine (Gibco BRL, Paisley). The cells were seeded at 5 ϫ 10 6 in 72 cm 2 200 ml cell culture flasks and incubated at 37ЊC in a humidified atmosphere of 5% CO 2 for 72 h when cells were just near-confluent. During the culture period, cells were either treated without or with different concentrations of LPS (1.25-20.0 µg ml -1 ) (Sigma) to activate TNF-α secretion into the culture medium. At the end of the culture period, medium was collected, sterilized by filtration through 0.22 µm sterile filters (Gelman) and stored at -20ЊC until used. Activation of the HD11 cells was later assessed by measuring chicken TNF-α in the medium using a commercial ELISA kit for human TNF-α (Eurogenetics, Tessenderlo). The monoclonal antibody in this kit crossreacts with chicken TNF-α as determined by immunohistochemistry (data not shown). The stimulatory effect of LPS on chicken TNF-α production in the medium by the HD11 cells is shown (Fig.  1) . Secretion of TNF-α increased with the concentration of LPS and reached a maximum at 5 µg LPS ml -1 . This dose of LPS was subsequently used for generating macrophageconditioned medium designated as MCMWLPS. Conditioned medium generated from HD11 cell cultures without LPS was designated as MCMWOLPS.
Chicken granulosa cell preparation and culture
Laying ISA Brown hens of 35-45 weeks of age were kept in cages under a photoperiod of 14 h light:10 h dark. Chickens were provided with food and water ad libitum and laying was monitored each day. Hens were killed by cervical dislocation 12-16 h after an oviposition. The largest and third largest follicles were excised from the ovary and placed into warmed (37ЊC) phenol red-free Hank's balanced salt solution (pfHBSS) (Gibco BRL, Paisley). The granulosa cell layer of the follicles was dissected out as described by Gilbert et al. 1977 , and dispersed in Ca 2+ -and Mg
2+
-free Hank's (Sigma) containing 0.1 mg collagenase ml -1 (Sigma) as described by Peddie et al. (1994) . Cells from follicles of a similar size were pooled from three to four hens and the cell density was determined by measuring the DNA in aliquots using the method of Labarca and Paigen (1980) 
Effect of TNF-α on progesterone production by granulosa cells
Granulosa cells from the largest and third largest follicles were cultured for 3, 24 and 48 h in the presence of increasing concentrations (0-100 ng ml -1 ) of rhTNF-α (Genentech Inc., San Francisco, CA) to determine the time and dose effect of TNF-α. As the effects of rhTNF-α became apparent after 48 h of incubation ( Fig. 2) , subsequent tests were conducted under 48 h incubations. Cells were cultured with or without different concentrations of recombinant ovine IGF-I (1, 10, 100 ng ml -1 ) or ovine LH (1 and 10 ng ml -1 ) and the interaction between human TNF-α (0.01 and 10.0 ng ml -1 ) and LH, IGF-I or a combination of both was assessed. In all experiments, the total incubation volume was 500 µl per well. At the end of the incubation period, medium was collected and stored at -20ЊC until the progesterone concentration was determined by radioimmunoassay.
At the end of all experiments, the final DNA content of the culture wells was determined and used to correct the progesterone production data, as the values of progesterone production are dependent on the number of cells in each well.
Effect of macrophage-conditioned medium on progesterone production
Granulosa cells from the largest and third largest follicles were incubated with different volumes (50, 100, 150, 200, 250 and 300 µl per well) of HD11-conditioned media (MCMWLPS and MCMWOLPS) during 3, 24 and 48 h of culture to determine the time and concentration effects of the conditioned media on progesterone production. As for rhTNF-α, the effects were apparent after 48 h of incubation. Therefore, subsequent experiments to determine interactions with IGF-I and LH at different concentrations were conducted under 48 h incubations. Since conditioned media were prepared in medium containing 5% chicken serum, it was necessary to eliminate the effect of the serum in the serum-free set-up. Therefore, additional control incubations with similar volumes of medium containing 5% chicken serum only (that is medium not conditioned with HD11) were included. Similarly, a second set of control incubations was set up to correct for the effect of 5 µg LPS ml -1 on granulosa cells. Granulosa cells were incubated in medium containing 5 µg LPS ml -1 and 5% chicken serum; this medium was not conditioned with HD11. The effects of both MCMWLPS and MCMWOLPS on progesterone production were corrected for the separate effects of chicken serum and LPS alone (that is medium not conditioned with HD11). The total incubation volume in all experiments was 500 µl per well. Medium was collected at the end of experiments and stored at -20ЊC until assayed for progesterone. The DNA content of wells was determined at the end of experiments. ) and time of exposure (a) 3, (b) 24, (c) 48 h to recombinant human tumour necrosis factor α (rhTNF-α) on progesterone production by chicken granulosa cells of the largest (᭹) and third largest (᭺) follicles cultured in serum-free medium. Data points represent means Ϯ SEM. Significant differences between doses within each type of follicle are represented by different letters (P < 0.05).
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Effects of TNF-α and macrophage-conditioned medium on granulosa cell DNA synthesis
Granulosa cells from the largest and third largest follicles were cultured in serum-free medium for 72 h in the presence or absence of different concentrations of TNF-α (0-100 ng ml -1 ) or increasing volumes of MCMWLPS (50-300 µl per well). Cultures containing medium that was not conditioned with macrophages, but contained LPS alone were included as controls. The influence of chicken serum in the conditioned medium was also determined and corrected for, as in the previous experiments. The effects of TNF-α (0.1 or 10.0 ng ml -1 ) or the HD11-conditioned medium (100 or 250 µl per well) on granulosa cell DNA synthesis stimulated by IGF-I (1 or 10 ng ml -1 ) or LH (10 ng ml -1 ) or IGF-I and LH were also determined. At the end of the experimental period cultures were washed and the DNA content of wells was determined to assess cell proliferation during the 72 h of culture in the presence of the test hormones and conditioned medium.
Progesterone assay
Progesterone concentration in the culture medium was determined by radioimmunoassay without extraction. Assay was conducted with a commercial kit (ICN Biomedicals Inc., Costa Mesa, CA). The crossreactivities of the antiserum in the kit with other ligands are 20α-dihydroprogesterone 5.46%, desoxycorticosterone 3.8% and < 1% for other steroids. The intra-assay and interassay coefficients of variation were 6.30% and 11.4%, respectively.
DNA assay
Cultures for DNA determination were washed in pfHBSS. The cells were disaggregated with 200 µl trypsin-EDTA (Boerhinger Mainheim) in TNE buffer (10 mmol Tris l -1 , 1 mmol EDTA l -1 , 2 mol NaCl l -1 , pH 7.4) followed by sonication. DNA in aliquots of the lysate was determined by the method of Labarca and Paigen (1980) using calf thymus DNA (Sigma) as standard and H33258 (bisbenzimide; Sigma) as fluorogen. The DNA was quantified on a TKO 100 mini fluorometer (Hoeffer Scientific Instruments, San Francisco, CA).
Statistical analysis
Data presented are means Ϯ SEM of four experiments for each study and were analysed by ANOVA. Statistical differences were assessed by Duncan's multiple-range test (General Linear Models procedure, SAS Institute, 1985) . P values of < 0.05 were considered statistically significant.
Results
Effects of TNF-α on progesterone production by granulosa cells of developing follicles
Human recombinant TNF-α significantly increased progesterone production by cultured granulosa cells of the largest follicle in a dose-and time-dependent manner (Fig.  2) . Responsiveness of the granulosa cells from the largest follicle to TNF-α stimulation increased with incubation. Whereas granulosa cells of the largest follicle incubated with rhTNF-α for 3 h showed no significant increase in progesterone production after 24 and 48 h of incubation, rhTNF-α significantly increased progesterone production in a dosedependent manner. The maximum effective dose of rhTNF-α was 0.1 and 1.0 ng ml -1 for incubations of 48 and 24 h, respectively. Higher doses of TNF-α significantly decreased progesterone production below that produced by the maximum effective dose. However, in the third largest follicle, TNF-α at all concentrations had no effect on progesterone production at 3, 24 or 48 h.
In granulosa cells of the largest and third largest follicles, rhTNF-α at 0.01 ng ml -1 increased progesterone production when induced by 1 or 10 ng LH ml -1 but not by100 ng LH ml -1 (Fig. 3) . However, 10 ng rhTNF-α ml -1 inhibited LHstimulated (10 or 100 ng ml -1 ) progesterone production. The effect of 0.01 or 10.0 ng TNF-α ml -1 on IGF-I-or LHstimulated progesterone production by granulosa cells of the largest and third largest follicles is shown (Fig. 4) . When 0.01 ng TNF-α ml -1 alone or in combination with IGF-I at 1 or 10 ng ml -1 was added to the cultures of granulosa cells from the largest follicle, progesterone production increased significantly. Progesterone production, in the presence of a combination of LH (10 ng ml -1 ) and IGF-I (10 ng ml -1 ) was also significantly increased by 0.01 ng TNF-α ml -1 but not by 10.0 ng ml -1 . Although TNF-α alone at 10 ng ml -1 increased basal progesterone production, at 1 and 10 ng ml -1 it inhibited IGF-I stimulated production. Similarly TNF-α inhibited the effect of LH alone or the combination of LH and IGF-I. Whereas both 0.01 and 10.0 ng TNF-α ml -1 had no effect on basal progesterone production of granulosa cells from the third largest follicle, the lower dose (0.01 ng ml -1 ) significantly increased IGF-I stimulated progesterone production. The higher dose of TNF-α (10 ng ml -1 ) had no effect on progesterone production stimulated by 1 ng IGF-I ml -1 but significantly inhibited the effect of 10 ng IGF-I ml -1 . TNF-α at 10 ng ml -1 also inhibited the combined effect of LH and IGF-I on progesterone production, but 0.01 ng TNF-I ml -1 neither increased nor inhibited progesterone production.
Effect of TNF-α on granulosa cell proliferation
The addition of TNF-α alone at different concentrations (0.001-100.0 ng ml -1 ) to cells cultured for 48 h had no effect on basal DNA synthesis in granulosa cells from the largest or third largest follicles (data not shown). However, when granulosa cells from the third largest follicle were cultured in the presence of IGF-I (10 ng ml -1 ), TNF-α at 0.1 or 10.0 ng ml -1 increased IGF-I stimulated DNA synthesis (Fig. 5) . In the presence of IGF-I (10 ng ml -1 ) and LH (10 ng ml -1 ), 0.1 ng TNF-α ml -1 significantly increased the combined effect of LH and IGF-I on DNA synthesis. However, the addition of 10 ng TNF-α ml -1 inhibited this effect. In cultures of granulosa cells from the largest follicle, IGF-I and the combination of IGF-I and LH marginally increased DNA synthesis. TNF-α at 0.1 ng ml -1 had no effect on either IGF-I stimulated DNA synthesis or on the effect of the combination of IGF-I and LH. Although 10 ng TNF-α ml -1 had no effect on IGF-I stimulated cell proliferation, it inhibited the effect of the combination of IGF-I and LH.
Effect of macrophage-conditioned media on granulosa cell progesterone production HD11-conditioned media contained factors that modulated progesterone production by cultured granulosa cells (Fig. 6) . These factors were present in both MCMWLPS and MCMWOLPS media. Addition of the media increased progesterone production by cultured granulosa cells from the largest follicle and this effect increased with increasing volume (50-300 µl). However, both media had no effect on progesterone production by granulosa cells of the third largest follicle.
The data show that medium from activated HD11 (MCMWLPS) significantly increased progesterone production in the granulosa cells from the largest follicle above that seen in medium from unactivated HD11 (MCMWOLPS). The data also show that this significant increase was not due to the presence of LPS in the medium, but a result of factors secreted by the macrophages due to LPS activation. The addition of LPS alone to granulosa cell cultures did not significantly increase progesterone production. The HD11 macrophage cell line produced TNF-α and the LPS activation significantly increased the secretion of TNF-α (Fig. 1) .
The effect of two volumes of MCMWLPS, either alone or Fig. 3 . Effects of recombinant human tumour necrosis factor α (rhTNF-α) on LH-stimulated progesterone production by chicken granulosa cells of (a) the largest and (b) the third largest follicles cultured for 48 h in serum-free medium. Data points represent means Ϯ SEM. Significant differences between treatments within each type of follicle are represented by different letters (P < 0.05).
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Fig. 4.
Effects of different concentrations of recombinant human tumour necrosis factor α (rhTNF-α), IGF-I, LH and their combinations on progesterone production by chicken granulosa cells of (a) the largest and (b) the third largest follicles cultured for 48 h in serum-free medium. Data represent means Ϯ SEM and were analysed by ANOVA and Duncan's multiple-range test. Significant differences between treatments are represented by different letters (P < 0.05).
in combination with different doses of IGF-I or LH, on progesterone production by cultured granulosa cells from the largest and third largest follicles is shown (Fig. 7) . Both volumes of the medium (100 and 250 µl) significantly increased progesterone production induced by 1 ng IGF-I ml -1 in cultured granulosa cells from the largest follicle. However, in the presence of 10 ng IGF-I ml -1 the larger volume (250 µl) of medium did not alter progesterone production above that induced by IGF-I. The combination of both IGF-I (10 ng ml -1 ) and LH (10 ng ml -1 ) significantly increased the production of progesterone by granulosa cells and the addition of 100 µl conditioned medium increased progesterone production further. However, the addition of the larger volume (250 µl) of MCMWLPS did not significantly alter the effect IGF-I with LH.
In granulosa cells from the third largest follicle, both IGF-I and LH increased progesterone production, whereas MCMWLPS had no effect. Both 100 and 250 µl of MCMWLPS also had no effect on progesterone production stimulated by 1 ng IGF-I ml -1 , but both volumes of MCMWLPS inhibited progesterone production stimulated by 10 ng IGF-I ml -1
. IGF-I-enhanced LH-stimulated progesterone production was also significantly decreased by both volumes of MCMWLPS.
Effect of macrophage-conditioned medium on granulosa cell proliferation
The addition of MCMWLPS or MCMWOLPS at increasing volumes (50-300 µl) to cultures of granulosa cells from the largest or third largest follicles did not affect the basal DNA content of the culture wells after 72 h of culture (Fig. 8) granulosa cells from the largest and third largest follicles is shown (Fig. 9) . In the cultures of cells from both types of follicle, both volumes of MCMWLPS had no effect on basal DNA synthesis. However, DNA synthesis stimulated by 10 ng IGF-I ml -1 was increased significantly in the granulosa cells from the third largest follicle by the addition of 100 or 250 µl of the medium. When cells were cultured in the presence of both IGF-I (10 ng ml -1 ) and LH (10 ng ml -1 ), the smaller volume (100 µl) of MCMWLPS tended to increase the combined effect, but the larger volume did not.
In the granulosa cells from the largest follicle, IGF-I (10 ng ml -1 ) alone and in combination with LH (10 ng ml -1 ) increased DNA synthesis significantly. The addition of either 100 or 250 µl MCMWLPS had no effect on basal DNA synthesis, or on DNA synthesis stimulated by IGF-I alone or combination with LH.
Discussion
This study demonstrates that TNF-α has modulatory effects on chicken granulosa cell progesterone production and proliferation, and may form an intergral part of the mechanism that regulates follicular growth and differentiation of follicles in the avian ovary. Furthermore, macrophages present in the ovary may be involved in the production of cytokines that take part in this regulatory mechanism. The data indicate that TNF-α can be either stimulatory or inhibitory depending on the concentration, the effect of other hormones or growth factors, the time of exposure and the stage of follicular maturation. Granulosa cells of developing follicles showed differential responsiveness to TNF-α. TNF-α regulated basal progesterone production by stimulating production in the largest follicle destined to ovulate next, but did not affect the third largest and thus less mature follicle. TNF-α also modulated the responsiveness of granulosa cells to the effects of IGF-I with or without LH, both of which promote growth and differentiation. At low concentrations, TNF-α tended to increase the effects of IGF-I, with or without LH, on progesterone production by granulosa cells of the largest and third largest follicles, but at high concentrations TNF-α inhibited the hormone-stimulated production of progesterone in these cells. TNF-α increased proliferation promoted by IGF-I alone or in combination with LH in granulosa cells from the third largest follicle but not in the those from the largest follicle. Furthermore, TNF-α tended to regulate the magnitude of the combined effect of IGF-I and LH on cell proliferation in the third largest follicle by reducing the stimulatory effect of high doses of both.
Conditioned medium from LPS-activated HD11 macrophages mimicked the effects of TNF-α on granulosa cell progesterone production and proliferation. These effects may not be due to the effect of TNF-α in the conditioned medium as other cytokines may be present, but the results indicate that TNF-α has a substantial effect. Thus, macrophages in chicken follicles may be instrumental in the provision of TNF-α to modulate granulosa cell progesterone production and cell proliferation. This is further evidence that chicken TNF-α may be as effective as mammalian TNF-α in the modulation of ovarian functions.
A marked effect of both rhTNF-α and MCMWLPS was the significant inhibition of progesterone production stimulated by IGF-I alone or in combination with LH in granulosa cells from the third largest follicle, whereas progesterone production increased in granulosa cells from the largest follicle. rhTNF-α increased IGF-I stimulated cell proliferation in the third largest follicle but inhibited growth promoted by the combined effects of high concentrations of IGF-I and LH. This effect may be one of the mechanisms involved in maintaining the hierarchy of the follicles such that immature follicles continue to grow and differentiate at a steady rate under the influence of IGF-I and gonadotrophins. At the same time, TNF-α enhances the activities of IGF-I and LH on progesterone production in the granulosa cells of the largest follicle such that the cells of the most mature follicles produce sufficient concentrations of progesterone for feedback mechanisms to increase LH production for ovulation.
TNF-α regulates growth and differentiation of follicular cells in a paracrine and autocrine manner in mammalian ovaries, and macrophages, leucocytes, granulosa and theca cells are sources of TNF-α within the ovary (Adashi et al., 1989; Roby and Terranova, 1989; Zolti et al., 1990; Veldhuis et al., 1991; Spicer, 1998; Montgomery Rice et al., 1998 Spaczynski et al., 1999; Zhao et al., 1998) . These reports indicate that TNF-α has a diverse spectrum of biological activity. TNF-α can either stimulate cell proliferation or differentiation, induce apoptotic cell death or can remain without effect (Wang et al., 1992; Yan et al., 1993; Karakji and Tsang, 1995; Kaipia et al., 1996; Spaczynski et al., 1999) . Studies have shown that TNF-α inhibits IGF-I and gonadotrophin induced production of progesterone, oestrogens and androgens from the granulosa or theca of the ovary (Spicer and Alpizer, 1994; Terranova et al., 1995; Spicer, 1998; Montgomery Rice et al., 1999) . Inhibitory and stimulatory effects and the type of response elicited by TNF-α may depend on the species, the type of cell and the stage of follicular development (Roby and Terranova, 1988; Montgomery Rice et al., 1998) .
Studies on the response of chicken granulosa cells to TNF-α stimulation have been inconclusive. Bryan et al. (1997) showed an inconsistent inhibitory effect of 5 ng rhTNF-α ml -1 on basal progesterone production by freshly prepared granulosa cells from the largest and the third largest follicles of two lines of chickens, and reported that 250 ng TNF-α ml -1 had no effect or was stimulatory. However, Bryan et al. (1997) did not study the effects of IGF-I or gonadotrophins. Soboloff et al. (1999) did not find any effect of different doses (1-50 ng ml -1 ) of rhTNF-α on basal or LH-stimulated progesterone production by granulosa cells of White Leghorn hens. However, these studies were conducted under short-term 3 h incubations. In a time course experiment using cultured whole rat follicles, Roby and Terranova (1988) demonstrated that a consistent effect of TNF-α could not be seen until after 24 h of culture in vitro. In the present study, after establishing granulosa cells in culture for 48 h and adding TNF-α for 3 h, no significant change in progesterone concentration was observed. Only after 24 h incubation with TNF-α was a significant increase in progesterone concentration detected. Onagbesan and Peddie (1995) demonstrated that IGF-I alone does not affect progesterone production until after 24 h in culture. Therefore, the discrepancies between other reports and the effects recorded with TNF-α in the present study may be due to differences in experimental approaches.
The results of the present study are in agreement with those reported for mammalian studies in that granulosa cells from follicles at different stages of development responded in a different way to TNF-α alone or in combination with either LH or IGF-I or both. Montgomery Rice et al. (1998) found differential effects of TNF-α alone or with FSH, on progesterone or oestradiol production by cultured human granulosa cells obtained from small and large follicles during the follicular or luteal phase of the menstrual cycle. Spicer and Alpizer (1994) also showed differential responsiveness to TNF-α between granulosa cells of large and small follicles of the bovine ovary and cells of small follicles responded better than those from large follicles.
Chicken macrophages secrete cytokines, mainly TNF-α and interleukins, as do mammalian macrophages and leucocytes (Bombara and Taylor, 1991; Qureshi and Miller, 1991; Qureshi et al., 1993; Cieszynski et al., 1999) . The current study confirmed that TNF-α is secreted into the conditioned medium of activated and unactivated HD11 macrophages. The activity of the conditioned medium indicates that the activity of TNF-α, possibly with other cytokines, is involved in the regulation of chicken granulosa cell progesterone production and cell proliferation. By co-culturing peritoneal macrophages with rat granulosa cells, Shakil and Whitehead (1994) demonstrated that secretions from the macrophages that contained predominantly TNF-α and interleukin-1β modulated progesterone production by the ovarian cells. The response of the granulosa cells was dependent on the number of macrophages in the culture, whether they were pre-treated with LPS and in the presence or absence of gonadotrophins. Recently, Barua et al. (1998a,b) showed that chicken follicles contained a population of macrophages in the theca compartment but the macrophages were not present in the granulosa. This population of macrophages increased with follicular maturation up to the stage of the third largest follicle, but no further increase was observed until ovulation. The fact that MCMWLPS and MCMWOLPS induce changes in progesterone production and cell proliferation indicates that, apart from the immune and phagocytic functions of macrophages, these cells may also be involved in the regulation of the normal growth and differentiation of follicles in the chicken ovary. Macrophages found in the theca may produce TNF-α, which would exert paracrine effects on the granulosa or theca cells. The relatively large number of macrophages found in the third largest follicle compared with large follicles (in terms of size to the number of macrophages) may support the hypothesis that the function of the macrophages is to inhibit differentiation in small follicles, thereby preventing premature differentiation of future ovulatory follicles and maintaining the hierarchy.
In conclusion, this study has demonstrated that TNF-α may be involved in the maintenance of normal follicle development and differentiation in the chicken ovary and that chicken ovarian macrophages may be a source of TNF-α for this purpose.
